the amacrine synapse inhibits, the circuit constitutes a negative feedback loop that might shape the statistics of bipolar cell release.
were flat with notches of equal depth. Thus, the autocortorted by our detection algorithm, we constructed an autocorrelogram of all sEPSCs in the shuffled recording, relogram from the original recording was entirely consistent with independently timed events.
both detected and undetected (unlike an actual recording, the times for all sEPSCs in the shuffled reTo establish whether the autocorrelogram was dis- cording were known). This autocorrelogram was also flat, but slightly higher than the autocorrelogram of detected sEPSCs (by 1-2 Hz), and it lacked a notch at the origin. Since these differences were due to the undetected sEPSCs, we reviewed undetected sEPSCs in the simulated recordings and found that most ‫)%09ف(‬ followed a detected event so closely (within 3 ms) that the two were counted as a single event. Thus, there was a limit to the time resolution of the detection algorithm, which slightly depressed the autocorrelogram and introduced an artifactual notch, but otherwise the autocorrelogram's structure was undistorted.
sEPSCs in One-Third of Cells Were Temporally Correlated
Autocorrelograms for about one-third (52/153) of cells showed a positive peak near the origin ( Figure 2B ). This included about one-quarter of the cells in the ganglion cell layer (GCL, 21/87) and about one-half of the cells in the amacrine cell layer (ACL, 31/66). Three such amacrine cells were analyzed as described above; that is, the sEPSCs were shuffled, redistributed according to Poisson statistics, and automatically detected in the synthetic record. This removed the autocorrelogram's original peak. Since the shuffled recording contained the same detected sEPSCs, the original peak could not have been an artifact of the detection algorithm interacting with sEPSC time course or amplitude (Clements and Bekkers, 1997). Instead, the peak genuinely indicated that sEPSCs were positively correlated.
We quantified the strength of correlation by calculating the proportion of sEPSCs that exceeded the expectation from a Poisson process. First, we calculated the integral of the autocorrelogram from t ϭ 0 to the time of about 20% Ϯ 15% ( Figure 3B ). There was no difference between ACL and GCL (p ϭ .86). We also calculated the correlation duration as the time at which the peak in the autocorrelogram subsided into the baseline. strength and duration. We also performed null experiCorrelations lasted from 10 to 55 ms; cells in the ACL ments, exchanging solutions without adding antagonist. had slightly longer correlations than those in the GCL All antagonist effects were compared to the effects of (25 Ϯ 11 ms versus 18 Ϯ 9 ms, p ϭ .03).
the null experiments to calculate their statistical signifiCells in the ACL produced recordings with lower noise cance (t test for uncorrelated samples assuming unthan cells in the GCL, presumably because they had equal variance, ␣ ϭ 0.05). lower capacitance (7.6 Ϯ 4 versus 11 Ϯ 8 pF, p Ͻ 0.001) Picrotoxin (80 M), a combined GABA A and GABA C (Marty and Neher, 1995). Cells in the GCL include both antagonist, consistently reduced correlation strength by ganglion and amacrine cells, but cells in the ACL are all 60% Ϯ 20% (n ϭ 4/4 cells, Figures 4A and 4C) . TPMPA amacrine cells. Thus, to maintain recording quality and (1,2,5,6-tetrahydropyridin-4-yl methylphosphinic acid, to record from a single neuronal class, the following 60 M), a specific GABA C antagonist, also reduced corexperiments were performed on amacrine cells in the relation strength-and by a similar amount, 70% Ϯ 30% ACL of retinal slices.
(n ϭ 7/7 cells). Both effects were significant (p Ͻ 0.01), and both effects reversed when recording time was sufficient for antagonist washout ‫01ف(‬ min; n ϭ return to standard solution, the induced correlation disfeedback, GABA from amacrine to bipolar cell (GABA C receptor) and glutamate from bipolar cell to its own appeared (n ϭ 6/6, not shown). The strength of the metabotropic glutamate receptor (mGluR receptor). To induced correlation in some cells exceeded any meaimplement the model, the bipolar cell summed a steady sured in standard solution. The baseline rate declined inward current from synaptic input (I input ) with quantal for some cells but increased for others ( Figure 6D) terminal (Picaud et al., 1998), a GABA C antagonist would increase the photoreceptor's release rate, decrease an The sEPSCs in the model amacrine cell were detected automatically and used to construct an autocorreloinward current in the On-bipolar cell, and decrease the bipolar cell's release rate. This was the typical effect of gram. Then, the unknown parameters were adjusted until the autocorrelogram had a peak (30% correlation GABA C antagonism ( Figure 4D ). But an Off bipolar cell would respond oppositely to GABA C antagonism and strength, Figure 7B ). The unknown parameters were the gains (G) of glutamate and GABA synapses (i.e., release increase its release rate-which we also observed, but less frequently. If GABA C receptors were present on rate per membrane volts), the amplitude of I mGluR , and the amplitude of I input (G glutamate ϭ 60,000 quanta volts Ϫ1 amacrine cells (Euler and Wassle, 1998) that constitutively inhibit a bipolar cell, GABA C antagonism would s Ϫ1 , G GABA ϭ 30,000 quanta volts Ϫ1 s Ϫ1 , I mGluR ϭ 0.05 pA, I input ϭ 30 pA). Because some measured parameters were increase the inhibition of the bipolar cell and reduce its release rate. Our data did not indicate which of these from other experimental contexts, we tested the model's sensitivity to parameter value by increasing or decreaspossible circuits mediate the suppression of release rate by GABA C antagonists. But to test whether these circuits ing each parameter in turn until the correlation strength was less than 5% or until release was too infrequent might suppress the correlation, we represented the modulated bipolar cell current by I input and reduced it light-driven events it was undulating. The correlation strength and duration for light-driven EPSCs averaged from 100 to 5 pA (below this release was too infrequent 14% Ϯ 8% and 37 Ϯ 15 ms, values similar to those for to measure correlations). Despite striking decreases in spontaneous EPSCs. release rate (from 80 to 10 Hz), the correlation strength actually increased (from 16% to 41%, Figure 7B) (Freed, 2000) . Thus, their spike correprediction (arrows in Figure 8A ). Thus, correlation lations are unlikely to come from EPSC correlations. In strength and duration for spontaneous and light-evoked agreement with this prediction, TPMPA failed to supEPSCs were measured identically, except that the Poispress the spike correlation in all four brisk-transient cells tested (2 On, 2 Off; Figure 8D ). son prediction for spontaneous events was flat and for 
